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[57] ABSTRACT 
A ?lter testing apparatus and method are provided 
wherein a challenge aerosol or the like is introduced 
upstream of the ?lter, and the downstream face of the 
?lter is scanned with an air sampling probe to detect for 
the presence of leaking aerosol. The apparatus com 
prises a generally rectangular frame, and an air sam 
pling probe which is mounted to the frame so as to be 
movable in a predetermined pattern wherein the entire 
face of an adjacent ?lter is scanned. The assembly may 
be removably mounted in a ?lter housing immediately 
downstream of the ?lter, or mounted on a framework 
downstream of a bank of several ?lters. In the latter 
instance, the assembly is sequentially indexed to a posi 
tion alignment with each ?lter, and an upstream aerosol 
dispersion assembly is also provided which is corre 
spondingly indexed across the ?lter bank. The rate of 
leaking challenge aerosol is continuously plotted on a 
moving sheet of paper to thereby permit the magnitude 
of a leak and its location on the face of the ?lter to be 
readily determined. 

29 Claims, 9 Drawing Figures 
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FILTER TESTING APPARATUS AND METHOD 

The present invention relates to a novel method and 
apparatus for testing a high ef?ciency particulate air 
?lter, or bank of such ?lters, for the purpose of locating 
minute leaks. 
By de?nition, a high ef?ciency particulate air 

(HEPA) ?lter has an ef?ciency of removing a minimum 
of 99.97 percent of a challenge material, which typically 
comprises a thermally generated dioctylhphalate 
(DOP) aerosol whose particle size is 0.3 microns. This 
efficiency is a manufacturing standard, which the ?lter 
producer must maintain. 

It is recognized that the BOP efficiency of a ?lter 
represents the average efficiency of that ?lter. Minute 
areas of greater penetration, commonly referred to as 
pinhole leaks, are often present, either in the edge seal 
ant between the ?lter media and the filter frame, or in 
the media itself. When the ?lter is tested for overall 
ef?ciency, these pinhole leaks are diluted by the greater 
volume of clean air passing through the remaining por 
tions of the ?lter. Thus the pinhole leaks can be toler 
ated as long as the overall penetration through the ?lter 
does not exceed the design ef?ciency. 

In many sensitive applications however, these pin 
hole leaks cannot be tolerated, even though the overall 
ef?ciency of the ?lter is within tolerances. For example, 
where HEPA ?lters are part of a laminar flow air sup 
ply system for a clean room or work area, it is not possi 
ble to effectively dilute the pinhole leaks with the 
greater volume of air passing through the ?lter, since 
under laminar flow conditions, the leaking particles will 
?ow in a condensed stream into the working area. Thus 
a sensitive product or the like within the clean room or 
work area might be located directly downstream of a 
pinhole leak, and thereby be subjected to signi?cant 
contamination. As a further example, HEPA ?lters 
which are installed in a nuclear air cleaning system, or 
other hazardous material containment application, can 
not tolerate pinhole leaks, and such filter systems are 
usually subjected to stringent in-place testing proce 
dures to verify the absence of signi?cant pinhole leaks. 
At the present time, the standard procedure for 

checking for pinhole leaks involves challenging the 
?lters with a DOP aerosol introduced upstream of the 
?lters, while the downstream side of the ?lters is manu 
ally scanned or probed utilizing a small, hand held air 
sample pick-up tube. The air sample is directed from the 
pick-up tube through a forward light scattering pho 
tometer, which detects leaking challenge material and 
thereby identi?es pinhole leaks. Once located, the leaks 
can then be patched. 
As will be appreciated, the manual scanning of ?lters 

for the purpose of locating pinhole leaks is a time con 
suming operation, particularly in the case of large ?lter 
banks. In addition, the procedure requires that a techni 
cian be physically located adjacent the ?lters, which 
may not be possible in the case of relatively small ?lter 
housings, or by reason of the particular con?guration of 
the ductwork. Finally, in exhaust containment systems 
where hazardous materials maybe present in the duct, 
the technician must be provided with a protective suit 
to minimize the opportunity for contamination, which 
of course further complicates the scanning operation. 

It is accordingly an object of the present invention to 
provide a ?lter testing apparatus and method which 
effectively overcomes the above noted problems associ 
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2 
ated with the present procedure for manually scanning 
?lters to locate pinhole leaks. 

It is a more particular object of the present invention 
to provide a ?lter testing apparatus and method which 
is able to automatically scan a filter for pinhole leaks, 
without requiring the presence of a technician adjacent 
the ?lter. 

It is also an object of the present invention to provide 
a ?lter testing apparatus and method which is able to 
automatically identify pinhole leaks of a predetermined 
magnitude, and to indicate the location of such leaks to 
thereby facilitate their repair. 

It is still another object of the present invention to 
provide a ?ltering testing apparatus and method for 
automatically and remotely testing each ?lter in a large 
bank of parallel ?lters. 
These and other objects and advantages of the pres 

ent invention are achieved in the embodiments illus 
trated herein by the provision of a ?lter testing appara 
tus and method which includes a. generally rectangular 
frame which is sized to generally conform to the outline 
of a ?lter to be tested, an air sampling probe mounted to 
the frame, and drive means for sequentially traversing 
the probe in the lateral direction across the frame and 
indexing the probe in the tranverse direction upon the 
probe reaching the end of each lateral traverse, and so 
that the entire face of an adjacent ?lter may be automat 
ically scanned by the probe. Also, means are provided 
for conveying air received in the probe to a remote 
location for continuous analysis or the like. 

In the preferred embodiment, the means for analyzing 
the air has the ability to determine the rate of leaking 
challenge material, and also to plot the rate of leaking 
challenge material, to thereby permit the magnitude of 
a leak and its location on the face of the ?lter to be 
readily determined. 

In the case of a large ?lter bank, the frame mounting 
the air sampling probe constitutes a scanning assembly 
which is sized to generally conform to the size of the 
individual ?lters in the bank, and a framework is pro 
vided for mounting the scanning assembly at a location 
immediately downstream of the ?lter bank so that the 
assembly may be selectively indexed to a position 
aligned with each ?lter in the bank. Thus the assembly 
may be sequentially moved to a position aligned with 
each ?lter, and the probe may be operated to scan each 
?lter during the time the assembly is aligned with each 
?lter. Also, a dispersion assembly is preferably mounted 
immediately upstream of the ?lter bank, which is also 
sized to generally correspond to the size of the ?lters 
being tested. The dispersion assembly may be corre 
spondingly indexed in unison with the scanning assem 
bly so as to individually challenge and test each ?lter in 
the bank. 
Some of the objects having been stated, other objects 

and advantages will appea as the description proceeds, 
when taken in conjunction with the accompanying 
drawings in which; 
FIG. 1 is a perspective view of a ?lter housing which 

incorporates a ?lter testing apparatus in accordance 
with the present invention; 
FIG. 2 is a perspective view of the testing apparatus 

of FIG. 1, and positioned adjacent a HEPA ?lter to be 
tested; 
FIG. 3 is a sectional side elevation view of the hous 

ing shown in FIG. 1; 
FIG. 4 is a sectional top plan view of the housing 

shown in FIG. 1; 
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FIG. 5 is a view similar to FIG. 2, and illustrating in 
more detail the drive system for sequentially traversing 
and indexing the air sampling probe across the face of 
the‘ adjacent ?lter; 
FIG. 6 is a representation of a printed output sheet 

which indicates the rate and location of leaks in the 
?lter being tested; 
FIG. 7 is a partly schematic perspective view of the 

testing apparatus of the present invention associated 
with a bank of parallel ?lters; 
FIG. 8 is a perspective view of the upstream side of 

the ?lter bank shown in FIG. 7, and illustrating an 
aerosol dispersion assembly; and 
FIG. 9 is a perspective view of the inside of the dis 

persion assembly as seen in FIG. 8. 
Referring more particularly to the drawings, FIG. 1 

illustrates a ?lter housing_10 which incorporates a pre 
ferred embodiment of a ?lter testing apparatus in accor 
dance with the present invention. The housing 10 de 
?nes an air passageway adapted to form a part of an air 
duct system having an airstream pasing therethrough, 
with the housing including three side access doors 12, 
13 and 14. The middle door 13 is adapted to receive a 
HEPA ?lter 16, which may be sealably mounted in the 
housing by any known arrangement, such as the ?uid 
seal and clamping mechanism as disclosed in U.S. Pat. 
Nos. RE,27,701 and U.S. Pat. No. 4,324,568, and as 
generally indicated at 18 in FIG. 4. The upstream door 
12 may be used to receive a pre?lter or the like (not 
shown), while the downstream door 14 is adapted to 
receive a scanning assembly 20 which embodies the 
features of the present invention. 
The scanning assembly 20 includes a generally rect 

angular frame 22 which is sized to generally conform to 
the outline of a ?lter 16 to be tested. Typically, both the 
flter 16 and the frame 22 of the scanning assembly are 
square, and measure about 24X éinches. The frame 
includes one pair of opposite sides 23, 24 which de?ne a 
lateral direction extending therebetween, and a second 
pair of opposite sides 25, 26 which de?ne a transverse 
direction extending therebetween. The air flow or lon 
gitudinal direction extends through the housing 10 and 
frame, and is perpendicular to the above de?ned lateral 
and transverse directions. Viewing FIG. 3, it will be 
seen that the housing 10 includes upper and lower track 
ways 28, 29 which are in alignment with the door 14, for 
slideably receiving and retaining the assembly in the 
housing at a point immediately downstream of the ?lter 

The frame 22 of the scanning assembly mounts an air 
sampling probe 30, which includes a somewhat oval 
shaped air receiving open end 31 and a tapered hollow 
body portion. The probe 30 also includes a rigid tubular 
member 32 communicating with the interior of the 
probe at the rear end thereof, and which serves as one 
segment of the means for conveying the sampled air to 
a remote location for continuous analysis or the like, 
and as further described below. The area of the open 
end 31 of the probe is substantially less than the area 
de?ned within the frame, and typically measures about 
3/16 inches in the lateral direction, and about 4 inches in 
the transverse direction. 
The sampling probe 30 is mounted to the frame by an 

arrangement which permits the probe to continuously 
face in the longitudinal direction with the end 31 open 
ing toward the adjacent ?lter 16, while sequentially 
traversing in the lateral direction across the frame and 
indexing in the transverse direction. In the speci?c em 
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4 
bodiment as schematically illustrated in FIG. 5, the 
probe 30 is programmed to make seven lateral traverses 
indicated by the letters A, B, C, D, E, F, and G, with a 
movement in the transverse direction occurring at the 
end of each of the ?rst six lateral movements, and with 
the transverse movements being a distance not greater 
than the transverse dimension of the open end of the 
probe. By this arrangement, the entire face of the adja 
cent ?lter may be scanned‘ by the probe. The probe is 
moved at a relatively slow linear speed, which prefera 
bly does not exceed 10 feet per minute. As will be ap 
parent, the exact pattern and number of lateral and 
transverse movements may vary from the illustrated 
embodiment, and will depend on the size of the ?lter 
and the probe. 
The means for mounting the probe to frame 22 in 

cludes a guide rod mounted to extend in the lateral 
direction between two end blocks 36, 37, with the rod 
35 extending through the blocks to permit relative rota 
tion therebetween. A probe support 40 is mounted for 
slideable movement along the rod, and the rigid tubular 
member 32 of the probe is mounted to the support so as 
to permit pivotal movement of the probe about a trans 
verse axis, which is indicated at 41 in FIG. 4. The piv 
otal mounting of the probe permits the assembly to be 
inserted through the door 14, and also facilitates the 
complete scanning of the edges of the adjacent ?lter as 
hereinafter further described. A pair of springs 42 are 
provided for normally maintaining the probe aligned in 
the longitudinal direction. 
To drive the support 40 in each direction along the 

rod 35, there is provided a toothed rack 43 ?xedly 
mounted between the end blocks 36, 37 and so as to be 
parallel to the rod 35. An electric motor 45 is mounted 
to the support 40, with the output of the motor includ 
ing a pinion gear 46 which operatively engages the 
teeth of the rack 43. A switch 47 is also mounted on the 
support 40 for reversing the direction of the motor 45, 
with the switch 47 being operated by contact with the 
limits 49, 50 which are secured to the blocks 36, 37, 
respectively. 
To index the support 40 in the transverse direction at 

the end of each lateral traverse, there is provided a 
mounting arrangement which includes a pair of trans 
versely directed toothed racks 52, 53 mounted along the 
sides 23, 24 of the frame respectively. The rod 35 
mounts a, cooperating gear 55 at each end for opera 
tively engaging the racks 52, 53, and an electric motor 
56 is mounted on the block 37 and includes an output 
gear 57 (note FIG. 4) operatively engaging a gear 58 
?xed to the rod 35. Thus operation of the motor 56 
causes the rod 35 to rotate, and thereby move the blocks 
36, 37, support 40, and probe 30 in a transverse direc 
tion. 
A switch 60 is carried by the block 36 for controlling 

the direction of the motor 56, with the switch 60 being 
periodically reversed by contact with the limits 61, 62 as 
hereinafter further described. The blocks 36, 37 further 
mount limit switches 64, 65 respectively, which are 
actuated by contact with the support 40. In addition, a 
reset switch 66 is mounted in the lower right corner of 
the frame as seen in FIG. 5, and a start switch 68 is 
located in the upper left corner. 
To describe the sequential operation of the apparatus, 

it will be assumed that the support 40 is initially located 
in the upper left corner of the apparatus as seen in FIG. 
5, with the start switch 68 having been closed, and the 
directional switch 47 being set to operate the motor 45 
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so as to cause the support 40 and thus the probe 30 to 
trasverse toward» the right, i.e., along the lateral path A. 
Upon the support 40 reaching the right side, the switch 
65 will be closed to terminate operation of the motor 45, 
and the switch 47 will also be actuated by contact with 
the limit 50 to set the motor 45 for operation in the 
opposite direction. The closing of the switch 65 concur 
rently operates the second motor 56 to commence in 
dexing movement in the transverse direction for a pre 
determined time period, which is timed to permit move 
ment to the level of the path B. After a slightly longer 
predetermined time period, the motor 45 is energized to 
cause the support 40 and probe 30 to move to the left 
along the path B. Upon the support 40 reaching the left 
side, the limit switch 64 is actuated to terminate opera 
tion of the motor 45 and energize the motor 56 for a 
predetermined time, and the swtich 47 is again actuated 
by contact with the limit 49 to reverse the direction of 
the motor 45. This cycle is repeated to advance the 
probe along paths C, D, E, F, and G, while indexing the 
probe in the transverse direction upon the probe reach 
ing the end of each lateral traverse. In addition, it will 
be noted that upon transverse movement between the 
paths F and G, the switch 60 will be reversed by contact 
with the limit 61 to set the motor 56 for operation in the 
reverse direction. Upon the support 40 completing its 
movement along the path G, the reset switch 66 will be 
closed, which causes the motor 45 to initially return to 
the left side of the frame, and then the motor 56 to 
operate so as to return the support 40 to the start posi 
tion. When the support reaches the start position, the 
switch 60 will be contacted by the limit 62, to again 
reverse the operative direction of the motor 56. Also, 
the start switch 68 is again closed, to thereby permit the 
cycle to repeat. The speci?c circuitry for providing the 
above functional operation is well within the normal 
skill of the art, and is therefore not illustrated in further 
detail herein. 
As best seen in FIGS. 4 and 5, the frame mounts a pair 

of posts 71, 72 extending in the transverse direction 
along the two lateral sides 23, 24 respectively. Also, the 
rigid tubular member 32 of the probe extends longitudi 
nally a distance suf?cient to engage the posts upon 
reaching each of the lateral sides of the frame. By de 
sign, the posts 71, 72 are positioned so that the probe is 
thereby laterally pivoted about the axis 41 and in the 
direction of its trasverse to thereby permit the probe to 
scan completely to the sides of the adjacent ?lter at the 
end of each trasverse. 
The scanning assembly 20 further comprises means 

for conveying air received in the open end 31 of the 
probe to a remote location for continuous analysis. This 
air conveying means includes the rigid tubular member 
32 of the probe as noted above, as well as a ?exible hose 
74 secured to the free end of the tubular member and 
leading to a coupling 75 mounted on the side 23 of the 
frame. A mating coupling 76 is secured in the side wall 
of the housing, with the two couplings designed to 
interengage upon the assembly 20 being slid into its 
operative position through the door 14. The couplings 
75, 76 also may be used to automatically interconnect 
the electrical lines leading to the two motors 45 and 56. 
From the coupling 76, an air tube 78 conveys the 

sampled air to a linear photometer 79 of conventional 
design, and which is adapted to measure the concentra 
tion of any leaking challenge aerosol. A printer 80 is 
operatively connected to the output of the photometer, 
which produces a line graph which continuously plots 
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6 
the instantaneous rate of leaking challenge aerosol on a 
moving sheet of paper 81, to thereby permit the magni 
tude of a leak and its location on the face of the ?lter to 
be readily determined. 

In the example shown in FIG. 6, the output as printed 
on the moving sheet of paper 81 is calibrated in terms of 
the concentration of the detected aerosol. Thus if the 
concentration of a single leak in the ?lter is 0.04 per 
cent, the ?lter would have an overall ef?ciency of 99.96 
percent, and would be unsatisfac'torily under accepted 
industry tolerances. The plotted output also permits the 
concentration of each leak to be determined, and the 
overall efficiency of the ?lter determined by the addi 
tion of the concentration readings of each leak. Further, 
the plot for each of the paths A-G are identi?able, 
which permits the location of the leak to be readily 
determined by relating the position of the leak on the 
plot to the face of the ?lter; 
The scanning assembly 20 may further include means 

for applying a visible dye onto the face of the ?lter upon 
the rate of leaking challenge material exceeding a pre 
determined minimum, and with the dye being applied at 
a point closely adjacent the leak to further identify its 
location. For this purpose, a dye nozzle 82 is mounted 
on the side of the probe as best seen in FIG. 2, and a 
hose 83 leads from the nozzle, through the couplings 75, 
76, to a suitable dye source 84. A conventional control 
(not shown), which is actuated by the output of the 
photometer, may be provided for ejecting the dye from 
the nozzle upon the aerosol concentration exceeding a 
predetermined level. 
FIGS. 7 and 8 illustrate the testing apparatus of the 

present invention in association with a parallel bank of 
?lters 86. In this embodiment, the scanning assembly 20 
is mounted to a framework 88 which is adapted to selec 
tively index the assembly 20 to a position aligned with 
each ?lter in the bank, and whereby the ?lters may be 
individually scanned in a sequential manner. 
The framework 88 is mounted immediately down 

stream of and parallel to the ?lt-er bank 86, and com 
prises a pair of parallel channels 90, 91 extending along 
the upper side of the bank. The channels each mount a. 
toothed rack, and a carriage 93 :is positioned to move 
along the channels. More particularly, the carriage 93 
includes a pair of axles 95, 96, with each axle mounting 
a pinion gear at each end. A reversible electric motor 97 
is carried by the carriage, which operates to rotate the 
axle 96 and thus drive the carriage in either direction. 
The carriage 93 also supports a pair of freely depend 

ing posts 98, 99, with each post including a toothed rack 
extending along its length. The lower end of the posts 
are interconnected by a support brace 100, which is 
located adjacent the ?oor of the duct. The scanning 
assembly 20 is mounted between the two posts 98, 99 by 
the four sleeves 102, and is movable along the posts by 
an arrangement which includes a reversible electric 
motor 104, a drive shaft 105, and gears 106 on each end 
of the shaft which engage the teeth of the posts. 
For controlling the movement of the scarming assem 

bly, there is provided a sensor 108 in the upper left 
corner of the assembly as seen in FIG. 7, and a magnetic 
pickup 109 is mounted at the upper left corner of each 
?lter. A suitable switching arrangement is provided 
whereby upon the conclusion of the scanning operation 
in front of a particular ?lter, the assembly is advanced 
by operation of either the motor 97 or motor 104 until 
the sensor 108 indicates that the assembly is in the 
proper position in alignment with the next ?lter. Thus 
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the assembly may be selectively indexed to a position 
aligned with each ?lter in the bank, and such that the 
probe may be mioved along the face of each ?lter in the 
manner described above and so that the entire face of 
each filter may be scanned by the probe. The switching 
circuitry for the described operative movement of the 
scanning assembly is well within the normal skill of the 
art, and thus is not disclosed in further detail herein. 
During testing of the ?lters in the bank 86, a chal 

lenge aerosol may be introduced at a point upstream of 
the bank so as to challenge all of the ?lters in the bank. 
Preferably however, means are provided for challeng 
ing each ?lter individually and in coordination with the 
positioning of the scanning assembly 20, to thereby 
avoid undue loading of the ?lters with the challenge 
aerosol. For this purpose a second framework 110 may 
be mounted within the housing at a location immedi 
ately upstream of and parallel to the ?lter bank for 
mounting an aerosol dispersion assembly 112. The as 
sembly 112 includes a rectangular housing 114 which is 
sized to generally conform to the size of the individual 
?lters in the bank. As seen in FIG. 9, the assembly 
includes a plurality of separate outlets 115 for introduc 
ing a ?lter challenge aerosol into the airstream at a point 
immediately upstream of a selected ?lter, and dispersing 
the aerosol‘ across the face of the ?lter. The dispersion 
assembly 112 is mounted to the framework 110 for se— 
lective indexing movement to a position aligned with 
each filter in the bank, and in a manner corresponding 
to that described above with respect to the scanning 
assembly 20. In addition, the movement of the disper 
sion assembly is coordinated with the movement of the 
scanning assembly, so that the dispersion assembly may 
be operated to introduce a ?lter challenge aerosol im 
mediately upstream of each filter while the scanning 
assembly is positioned immediately downstream of the 
same ?lter. 

In the drawings and speci?cation, there has been set 
forth a preferred embodiment of the invention, and 
although speci?c terms are employed, they are used in 
a generic and descriptive sense only and not for pur 
poses of limitation. 
That which is claimed is: 
1. An apparatus adapted for detecting minute leaks of 

un?ltered air through an air ?lter, and which is charac 
terized by the ability to scan the full area of the face of 
an adjacent ?lter and so as to permit the collection and 
sampling of air passing through a relatively small por 
tion of the total area of the face of the ?lter at any given 
movement, and comprising 

a generally rectangular frame which is sized to gener 
ally conform to the outline of a ?lter to be tested, 
and which de?nes a lateral direction extending 
between one pair of opposite sides, a transverse 
direction extending between the other pair of op 
posite sides, and a longitudinal direction extending 
through the frame and perpendicular to the lateral 
and transverse directions, 

an air sampling probe having an air receiving open 
end, with the area of the open end being substan 
tially less than the area de?ned within said frame, 

means mounting said probe to said frame with said 
probe open end facing in the longitudinal direction 
and so as to be adapted to open toward the face of 
an adjacent ?lter, and including drive means for 
sequentially traversing the probe in each lateral 
direction across the frame, and indexing the probe 
in the transverse direction a distance not greater 
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8 
than the transverse dimension of said open end of 
said probe and so that the entire face of an adjacent 
?lter may be scanned by the probe, and 

means for conveying air received in the open end of 
said probe to a remote location for continuous 
analysis or the like. 

2. The apparatus as de?ned in claim 1 wherein said 
probe mounting means includes, 

a guide rod disposed to extend along the lateral direc 
tion, 

a probe support mounted for slideable movement 
along said guide rod, 

means mounting said probe to said probe support, 
and wherein said drive means includes ?rst motor 
means for advancing said probe support in each 
direction along the length of said guide rod, to 
thereby traverse the probe in each lateral direction. 

3. The apparatus as de?ned in claim 2 wherein said 
drive means further includes means mounting said guide 
rod for movement in the transverse direction, and sec 
ond motor means for moving the guide rod a predeter 
mined distance in the transverse direction upon the 
probe reaching the end of each lateral trasverse to 
thereby index the probe in the transverse direction. 

4. The apparatus as de?ned in claim 3 wherein said 
?rst motor means includes a toothed rack mounted in 
parallel ?xed relation to said guide rod, and a ?rst elec 
tic motor mounted on said probe support and including 
an output gear operatively engaging said toothed rack. 

5. The apparatus as de?ned in claim 4 wherein said 
second motor means includes a second toothed rack 
?xedly mounted to said frame and extending in said 
transverse direction, and a second electric motor ?xedly 
mounted with respect to said guide rod and including an 
output gear operatively engaging said second toothed 
rack. 

6. The apparatus as de?ned in any one of claims 2-5 
wherein said means mounting said probe to said probe 
support includes a pivotal connection for permitting the 
probe to pivot about an axis extending in the transverse 
direction. 

7. The apparatus as de?ned in claim 6 wherein said 
frame mounts a post extending in the transverse direc 
tion along each of the two lateral sides thereof, and 
wherein said probe includes a longitudinally extending 
arm which is adapted to engage the adjacent post upon 
reaching the end of each lateral traverse, and such that 
the probe is pivoted laterally in the direction of its tra 
verse to thereby permit the probe to scan completely to 
the sides of an adjacent ?lter. 

8. The apparatus as de?ned in any one of claims 1-5 
further comprising means for continuously analyzing 
the air received in the open end of said probe to deter 
mine the rate of a leaking challenge material or the like 
through the ?lter, and means for continuously indicat 
ing the rate of leaking challenge material. 

9. The apparatus as de?ned in claim 8 wherein said 
indicating means includes means for printing the instan 
taneous rate of leaking challenge material or the like on 
a continuously moving sheet of paper, to thereby permit 
the magnitude of a leak and its location on the face of 
the ?lter to be readily determined. 

10. The apparatus as de?ned in any one of claims 1-5 
further comprising means for applying a visible dye 
onto the face of the ?lter upon the rate of leaking chal 
lenge material exceeding a predetermined minimum, 
and with the dye being applied closely adjacent the leak 
to identify its location. 
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11. An apparatus for ?ltering an airstream which is 

characterized by the ability to detect minute leaks of 
un?ltered air therethrough, and comprising 

a housing de?ning an air passageway adapted to form 
a part of an air duct system having an airstream 
passing therethrough, 

means for sealably mounting a ?lter within said hous 
ing. 

a scanning assembly comprising 
(a) a generally rectangular frame which is gener 

ally sized to conform to the outline of the inte 
rior of said housing, with said frame de?ning a 
lateral direction extending between one pair of 
opposite sides, a transverse direction extending 
between the other pair of opposite sides, and a 
longitudinal direction extending through the 
frame and perpendicular to the lateral and trans 
verse directions, 

(b) an air sampling probe having an air receiving 
open end, and 

(0) means mounting said probe to said frame with 
said probe open end facing in the longitudinal 
direction, and including means for traversing the 
probe in the lateral direction across the frame, 
and indexing the probe in the transverse direc 
tion a distance not greater than the transverse 
dimension of the open end of said probe upon the 
probe reaching the end of each lateral traverse, 
and 

means mounting said scanning assembly within the 
housing at a location immediately downstream of 
the ?lter, and with the open end of said probe open 
ing toward the face of the adjacent filter, said 
mounting means including means for conveying air 
received in the open end of the probe to a remote 
location exteriorly of the housing for analysis or 
the like, and such that the scanning assembly is able 
to scan the full area of the face of the adjacent ?lter 
while collecting and sampling air passing through a 
relatively small portion of the total area of the face 
of the ?lter at any given moment. - 

12. The apparatus as de?ned in claim 11 wherein said 
means for sealably mounting a ?lter within the housing 
includes a side access door in said housing for inserting 
or removing a ?lter, and wherein said means mounting 
said scanning assembly includes a second side access 
door in said housing for inserting or removing said 
scanning assembly. 

13. The apparatus as de?ned in claim 12 wherein said 
means mounting said scanning assembly further in 
cludes a trackway ?xedly mounted inside said housing 
in alignment with said second door for slideably receiv 
ing said scanning assembly therealong, and wherein said 
air conveying means includes a ?rst tube segment car 
ried by said scanning assembly, a second tube segment 
extending through the wall of said housing, and a cou 
pling releaseably interconnecting said ?rst and second 
segments. 

14. The apparatus as de?ned in any one of claims 
11-13 further comprising means positioned exteriorly of 
said housing for analyzing the air passing through said 
air conveying means to determine the rate of leaking 
challenge material or the like through the ?lter. 

15. The apparatus as de?ned in claim 14 wherein said 
analyzing means further comprises means for continu 
ously plotting the rate of leaking challenge material or 
the like, to thereby permit the magnitude of a leak and 
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10 
its location on the face of the ?lter to be readily deter 
mined. 

16. An apparatus for ?ltering an airstream and char 
acterized by the ability to detect minute leaks of un?l 
tered air therethrough, and comprising 

a housing de?ning an air passageway adapted to form 
a part of an air duct system having an airstream 
passing therethrough, 

means for sealably mounting a bank of ?lters in a 
parallel arrangement in said housing such that the 
airstream passing through. the housing passes 
through the bank of ?lters, ‘ 

a framework mounted within said housing at a loca 
tion immediately downstream of and parallel to 
said ?lter bank, 

a ?lter scanning assembly including a probe having 
an air receiving open end, said scanning assembly 
being sized to generally conform to the size of the 
individual ?lters in said bank, 

means mounting said scanning assembly to said 
framework for selective indexing movement to a 
position aligned with each ?lter in said bank, and 
with said probe open end being adapted to continu 
ously collect a sample of the air passing through 
the adjacent ?lter, and 

means for conveying air collected in the open end of 
' said probe to a remote location exteriorly of said 

housing for analysis or the like. 
17. The apparatus as de?ned in claim 16 further com 

prising 
a second framework mounted within said housing at 

a location immediately upstream of and parallel to 
said ?lter bank, 

a dispersion assembly which is sized to generally 
conform to the size of the individual ?lters in said 
bank, and including means for introducing a ?lter 
challenge material into an airstream, and 

means mounting said dispersion assembly to said sec 
ond framework for selective: indexing movement to 
a position aligned with each ?lter in said bank, and 
whereby the dispersion assembly may be operated 
to introduce a ?lter challenge material immediately 
upstream of each ?lter while said scanning assem 
bly is positioned immediately downstream of such 
?lter. 

18. The apparatus as de?ned in claim 17 wherein said 
scanning assembly includes a generally rectangular 
frame, and means mounting said probe to said frame for ' 
sequentially traversing the probe laterally across the 
frame and indexing the probe in the transverse direction 
upon the probe reaching the end of each lateral tra 
verse. 

19. A method for testing for leakage of un?ltered air 
through an air ?lter, and characterized by the ability to 
determine the magnitude and location of each leak on 
the face of face ?lter, and comprising the steps of 

passing an airstream through the ?lter, 
introducing a ?lter challenge material into the air 

stream upstream of the ?lter, 
traversing an air sampling probe in a predetermined 

pattern across the full area of the downstream face 
of the ?lter, 

continuously analyzing the air received in the air 
sampling probe to determine the rate of leaking 
challenge material through the ?lter, and 

continuously plotting the rate of leaking challenge 
material, to thereby permit the magnitude of a leak 
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and its location on the face of the ?lter to be readily 
determined. 

20. The method as de?ned in claim 19 wherein the 
traversing step includes sequentially moving the probe 
in a lateral direction across the face of the ?lter, and 
indexing the probe in a transverse direction a distance 
not greater than the transverse dimension of the probe 
at the end of each lateral movement. 

21. The method as de?ned in claim 19 or 20 wherein 
the step of plotting the rate of leaking challenge mate 

' rial includes printing the instantaneous rate of leaking 
challenge material on a continuously moving sheet of 
paper. 

22. The method as de?ned in claim 19 or 20 compris 
ing the further step of applying a visible dye onto the 
face of the ?lter upon the rate of leaking challenge 
material exceeding a predetermined minimum, and with 
the dye being applied adjacent the location of the leak. 

23. A method for testing for leakage of un?ltered air 
through each of a plurality of air ?lters mounted in a 
parallel bank of ?lters, comprising the steps of 

providing an air sampling assembly which is sized to 
generally conform to the size of the individual 
?lters in the bank, 

progressively indexing the air sampling assembly 
across the downstream side of the ?lter bank, and 
such that the assembly is aligned with each ?lter in 
the bank for a selected dwell time, 

introducing a ?lter challenge material at a location 
immediately upstream of each ?lter in the bank in a 
sequence corresponding to the indexing of the air 
sampling assembly, and 

analyzing the air received by the air sampling assem 
bly and so as to indicate the amount of any leaking 
challenge material through each individual ?lter. 

24. The method as de?ned in claim 23 wherein the air 
sampling assembly includes a probe having an air re 
ceiving opening of relatively small area compared to 
the area of the face of each ?lter, and comprising the 
further step of traversing the probe across the face of 
each ?lter during the dwell time of the assembly in 
alignment with each ?lter. 

25. The method as de?ned in claim 24 wherein the 
analyzing step includes determining the rate of leaking 
challenge material, and visually displaying the rate to 
thereby permit the location and magnitude of leaks on 
the face of each ?lter to be determined. 

26. A method for testing for leakage of un?ltered air 
through an air ?lter, and characterized by the ability to 
physically indicate the location of each leak of predeter 
mined magnitude on the face of the ?lter, and compris 
ing the steps of 

passing an airstream through the ?lter, 
introducing a ?lter challenge material into the air 

stream upstream of the ?lter, 
traversing an air sampling probe in a predetermined 

pattern across the full area of the downstream face 
of the ?lter, 
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12 
continuously analyzing the air received in the air 

sampling probe to determine the rate of leaking 
challenge material through the ?lter, and 

ejecting a visible dye onto the face of the ?lter from 
the traversing probe upon the rate of leaking chal 
lenge material exceeding a predetermined mini 
mum, and such that the dye is applied closely adja 
cent the location of the leak, and whereby the dye 
will visibly indicate the location of each leak of 
predetermined magnitude. 

27. An apparatus for ?ltering an airstream and char 
acterized by the ability to detect minute leaks of un?l 
tered air therethrough, and comprising 

a housing de?ning an air passageway adapted to form 
a part of an air duct system having an airstream 
passing therethrough, 

means for sealably mounting a bank of ?lters in a 
parallel arrangement in said housing such that the 
airstream passing through the housing passing 
through the bank of ?lters, 

a framework mounted within said housing at a loca 
tion immediately downstream of and parallel to 
said ?lter bank, " 

an air sampling assembly including a peripheral frame 
which is sized to generally conform to the size of 
the individual ?lters in said bank, and a probe hav 
ing an air receiving opening disposed within said 
frame, 

means mounting said air sampling assembly to said 
framework for selective indexing movement to a 
position aligned with each ?lter in said bank, and 
with said probe opening being adapted to collect a 
sample of the air passing through the adjacent ?l 
ter, 

means for conveying air collected in the opening of 
said probe to a remote location exteriorly of said 
housing for analysis or the like, and 

dispersion means mounted upstream of said bank for 
individually challenging each ?lter of said bank 
with a ?lter challenge material and in a sequence 
corresponding to the indexing of said air sampling 
assembly. 

28. The apparatus as de?ned in claim 27 wherein said 
dispersion means comprises 

a second framework mounted within said housing at 
a location immediately upstream of and parallel to 
said ?lter bank, 

a dispersion assembly which is sized to generally 
conform to the size of the individual filters in said 
bank, and including means for introducing a ?lter 
challenge material into an airstream, and 

means mounting said dispersion assembly to said sec 
ond framework for selective indexing movement to 
a position aligned with each ?lter in said bank. 

29. The apparatus as de?ned in claim 28 wherein said 
air sampling assembly includes means for sequentially 
traversing the probe laterally across the frame and in 
dexing the probe in the transverse direction upon the 
probe reaching the end of each lateral traverse. 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 7 ' 

Column 3, line 21, "pasing" should be -— passing ——. 

Column 3, line 37, "24 Ti =" should be —— 24 X 24 ——. 

Column 5, line 2, "trasverse" should be -— traverse ——. 

Column 5,- line 47, "trasverse" should be —— traverse ——. 

Column 5, line 49, "trasverse" should be -— traverse ——. 

Column 6, line 8, "0.04" should be -— .04 ——. 

Column 6, line 10, "unsatisfactorily" should be 
—- unsatisfactory ——. 

Column 7, line 3, "mioved" should be —— moved ——. 

Column 7, line 50, "movement" should be —¢- moment ——. 

Column 8, line 23., "trasverse" should be —- traverse__. 
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